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© Integrated Modem which operates without a dedicated controller. 
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© An embedded modem that does not require a 
dedicated controller and operates with existing com- 
munications software uses the host processor of the 
computer to interpret new and redefined commu- 
nications interrupt requests. In response to an inter- 
rupt request, the control of the processor is trans- 
ferred from the communications software to a driver 
program stored in the main memory for the proces- 
sor. Under the operation of the driver program, the 
processor interprets control characters and causes 
the appropriate commands to be carried out in the 
modem. Once these commands have been pro- 
cessed, the control of the processor reverts back to 
the communications program. The processor thereby 
functions as a virtual controller that is interpreted to 
be an external controller by the communications 
program. 
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BACKGROUND OF THE INVENTION 



The present invention is generally directed to 
modems that enable data to be transferred be- 
tween- computers by means of telephone lines or 
other communication links. More specifically, the 
invention is directed to a communication system 
including a modem that is adapted to be incor- 
porated or embedded into the structure of a com- 
puter and that emulates the functions of a peripher- 
ally disposed modem, to enable it to operate under 
the control of presently available communications 
application software without modification of that 
software. Although not limited thereto, the invention 
is particularly concerned with communication sys- 
tems that are designed for use with microcom- 
puters, also known as "personal computers." 

Communications between computers involve 
the generation of two types of information: the data 
itself that is to be transferred between the comput- 
ers and control characters that configure the 
modem to properly transmit and receive the data. 
The data can come from a number of different 
sources, e.g., directly from the computer keyboard 
or from a file stored on a disk, and the control 
characters are generated by a host processor un- 
der the control of a communications program. 
While the data is transmitted over the telephone 
lines, the control characters are not intended to be 
placed on the telephone lines and therefore it is 
necessary for the modem to recognize and inter- 
cept these control characters when they are gen- 
erated by a host processor. One popular design for 
modems incorporates an 8250 UART (universal 
asynchronous receiver/transmitter) with a dedicated 
controller to intercept and process control char- 
acters. 

In operation, when the host processor of the 
computer generates a command to the modem to 
carry out a function, e.g., dial a particular number, 
it places control characters in a register of the 8250 
UART. The controller retrieves the command char- 
acters from the UART and configures the modem 
to transmit pulse or tone signals corresponding to 
the dialing of a telephone. The processor then 
provides the modem with the number to be dialed, 
via the. UART and controller. After the dialing of the 
number has been completed, the controller waits 
for a response from the called modem. When the 
called modem responds and a connection is estab- 
lished over the telephone lines, the controller sends 
response characters to the host processor to in- 
dicate that a connection has been established and 
the transmission of data can take place. 

During the time that the controller is configur- 



ing the modem and the connection is being estab- 
lished, the communications program may relinquish 
control of the host processor to enable the proces- 
sor to execute its main program and attend to other 

5 internal tasks. Thus, when the modem is ready to 
send response characters to notify the processor 
that the connection has been established, "rt is 
necessary to provide a prompt which causes the 
communications program to receive the characters. 

w One type of prompt is an interrupt request gen- 
erated by the UART, which causes the processor 
to jump to an appropriate address in the commu- 
nications program to receive the characters. Alter- 
natively, or in addition, the UART can set a status 

;s flag in an appropriate register to indicate that a 
character is in place to be received by the proces- 
sor. The processor can periodically poll the status 
register to determine whether the status flag has 
been set. In response to the interrupt or detection 

20 of the status flag, the processor receives the re- 
sponse characters indicating a connection has 
been established. It then retrieves or otherwise 
generates the data to be transmitted, and the 
modem controller enables this data to be directly 

25 sent to the modem, rather than intercept it, for 
transmission via the telephone lines. 

In the past, modems of this type with dedi- 
cated controllers have existed as peripheral de- 
vices for microcomputers. For example, they might 

30 be located externally of the computers and be 
accessed by means of a serial communications 
port located on the computer. In this case, the 
transfer of data and control characters between the 
host processor and the modem takes place in a 

35 serial fashion. Alternatively, the modem could be 
incorporated within the housing for the computer 
itself. Typically, the modem with its controller and 
other interface circuitry might be mounted on a 
printed circuit board, or card, that plugs into an 

40 expansion slot on the motherboard for the com- 
puter. In this configuration, communications be- 
tween the host processor and the modem can take 
place in a parallel fashion, directly using the data 
and control busses for the computer. Again, how- 

45 ever, the modem is accessed by means of a com- 
munications port rather than being directly addres* 
sable by the host processor. 

It is desirable to directly incorporate a modem 
into the structure of a computer, rather than have 

so the modem exist as a peripheral device. In particu- 
lar, it is desirable to include the modem circuitry 
directly on the motherboard of the computer and 
provide the modem with a unique device address 
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that does not have to be accessed through an I/O 
port. Further along these lines, it is desirable to use 
the host processor of the computer as the control- 
ler for the modem, rather than employ a separate, 
dedicated controller. 

To provide a modem which is incorporated 
within the structure of a computer presents certain 
practical considerations that may affect the overall 
desirability of such a feature from the standpoint of 
the consumer. When the modem becomes part of 
the computer architecture, the typical approach 
might be to have the communications program 
directly control the modem through the operating 
system for the host processor. Thus, a communica- 
tions program which is designed for this type of 
application has to be specifically written for the 
operating system. As such, it would not be able to 
service the popular personal computer market be- 
cause of the different modem architecture em- 
ployed in personal computers. 

More particularly, presently available applica- 
tions programs for providing a communications 
function in personal computers are designed to 
operate with a modem that includes a dedicated 
controller and an 8250 UART or a device that 
emulates the functions of such a UART. A com- 
puter which includes an embedded modem but 
does not incorporate such an interface unit would 
not be capable of utilizing the presently available 
communications programs written for existing per- 
sonal computer architecture. As a result such com- 
puters would require new software, and therefore 
may not be as attractive to the consumer. If it is 
necessary to provide a new communications pro- 
gram to operate the embedded modem, the cost of 
writing and acquiring this additional program will 
increase the net expense for the computer, and 
possibly require the user to learn new protocols 
and commands to operate the new program. 

Accordingly, it is desirable to provide an em- 
bedded modem for a computer that does not re- 
quire a dedicated controller but is capable of op- 
erating with existing communications software that 
was designed for modems with such a controller 
and a UART or similar interface for the controller. 



BRIEF STATEMENT OF THE INVENTION 



In accordance with the present invention, the 
foregoing objective is achieved by using the host 
processor of the computer as the modem control- 
ler, under the direction of a resident driver pro- 
gram. In operation the host processor, under initial 
control of the communications program, sends 
characters to a register in the modem circuitry 
which emulates a register in a UART. Upon receipt 



of these characters, the modem sends an interrupt 
request to the host processor which .causes it to 
branch to a controller emulation program, i.e., a 
modem driver. Under the direction of this program, 

5 the processor retrieves the characters in the regis- 
ter and acts upon them accordingly. For example, 
if the characters are data to be transmitted, they 
can be presented to another register in the modem 
which passes them on to the modem modulator 

10 and transmitter. If they are command or control 
characters, they are interpreted by the driver and 
used to configure the modem for a particular op- 
eration. 

When the driver has information to send to the 

15 communications program, 'for example to indicate 
the completion of an operation, it places a char- 
acter in another register of the modem circuitry 
which also emulates the function of the UART, and 
then relinquishes control of the host processor to 

20 the communications program. Once the commu- 
nications program retrieves this character in a nor- 
mal manner, an interrupt request is presented to 
the host processor to indicate that the register is 
empty. Upon receipt of this interrupt request, the 

25 processor returns to the driver to place the next 
character in the register or take some other action 
appropriate to the retrieval of the character by the 
communications program. 

Thus, the processor functions as a virtual con- 

30 troller, i.e., the communications program causes 
control characters to be sent or retrieved from a 
device that is interpreted to be an external control- 
ler. In effect, however, these characters are read 
back to, or generated by, the host processor in 

35 accordance with the driver program. As a result, 
the modem can operate without the need for a 
separate, dedicated controller. 

The detailed manner in which the present in- 
vention functions to implement the foregoing princi- 

40 pies of operation, as well as further features of the 
invention and the advantages offered thereby, are 
explained hereinafter with reference to preferred 
embodiments illustrated in the accompanying draw- 
ings. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 



so Figure 1 is a general block diagram illustrat- 

ing a modem connected between a computer and 
a telephone line; 

Figure 2 is a block diagram of the hardware 
architecture for a communications system in accor- 
55 dance with the present invention; 

Figure 3 is a memory map illustrating the 
types of programs stored in the main memory for 
the host processor; 
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Figure 4 is a more detailed block diagram of 
the modem and interface circuitry; and 

Figure 5A and 5B are flow charts of the 
general operation of the modem driver program. 



DESCRIPTION OF THE ILLUSTRATED EMBODI- 
MENT 



To facilitate an understanding of the invention, 
a typical modem configuration will be described 
with reference to Figure 1. The computer to which 
the mcdem is connected includes a host micropro- 
cessor 10 mounted on a printed circuit board 12 
that is often referred to as the "motherboard. " The 
processor 1 0 communicates with other addressable 
devices 14 mounted on the motherboard by means 
of an internal parallel bus 16. For example, these 
devices cculd include the main system memory 
(RAM), a co-processor and the like. 

In the configuration illustrated in Figure 1, the 
modem 18 is mounted on a separate printed circuit 
board 20 that plugs into the motherboard 12. The 
modem 18 communicates with the host processor 
10 by means of an UART 22, and is accessed by 
means of a communications port, e.g. COM 1, for 
the computer. The UART is connected to a parallel 
bus 24 that directly communicates with the internal 
bus 16 of the computer. The UART 22 primarily 
functions as a paral!el-to-seriai converter for data 
that is sent from the processor 10 and as a serial- 
to-parallei converter for data received from the 
modem 18. The transfer of data between the UART 
22, the host processor 10 and the modem 18 takes 
place under the control of a dedicated microcon- 
troller 26. In addition, the microcontroller 26 config- 
ures the modem 18 to carry out commands in 
accordance with control characters transmitted 
from the host processor 10. A line interface circuit 
28 connects the modem 18 to a conventional tele- 
phone line 30. The line interface circuit 28 appro- 
priately buffers the data transferred between the 
modem and the telephone line, as well as performs 
other functions such as ring detection and pulse 
dialing. 

Instead of the UART it is possible to employ a 
USART (universal synchronous/asynchronous 
receiver/transmitter). Such an implementation may 
be particularly desirable where synchronous error- 
correction and data compression protocols are 
used for the data transmission. Although the follow- 
ing description is made with reference to a modem 
having a UART, it will be appreciated that it is 
equally applicable to modems which employ 
USARTs or other common communication control- 
lers. 

As an alternative to locating the modem on a 



card that plugs into the motherboard 12, the 
modem can be provided in a structure that is 
external to the computer housing. In such a case, 
the transfer of information between the computer 

5 and the modem might typically take place by 
means of a serial interface, such as an RS-232 
interface device, that is accessed through a hard- 
ware communications port. In this type of arrange- 
ment the function of the UART is provided by a 

70 serial I/O card located within the computer housing. 

Although the modem 18, UART 22 and micro- 
controller 26 are illustrated in Figure 1 as being 
separate structures, in an actual implementation 
any two of these circuits, or all three of them, might 

T5 be incorporated within a single integrated circuit 
chip. In a preferred implementation of the present 
invention, the modem circuitry is combined on a 
single chip with registers that enable the chip to 
emulate the function of the UART 22. 

20 In accordance with the present invention, the 

functions of the modem controller are carried out 
by means of the host processor 10 rather than a 
dedicated controller 26 as illustrated in Figure 1. As 
a result, the modem circuitry can be located on the 

25 motherboard 12, as shown in Figure '2. With this 
arrangement, control and data words can be di- 
rectly exchanged between the processor 10 and 
the modem 18 in a parallel format using only the 
internal bus of the computer, i.e. without the need 

30 for a communications port to function as a hard- 
ware interface between them. Rather, the only 
hardware interface that is utilized is the line inter- 
face circuit 28, which can also be mounted on the 
motherboard or on a separate card 53. 

35 To operate the modem in this type of arrange- 

ment, the control of the host processor 10 is al- 
ternated between the communications program and 
a controller emulation program, or device driver. 
The switching between the two programs is effec- 

40 ted by means of communications interrupt re- 
quests. This concept which underlies the invention 
is explained in further detail with reference to the 
memory map illustrated in Figure 3. 

Referring to Figure 3, the main memory of the 

45 computer contains an input/output system 54, an 
operating system 56 and one or more applications 
programs at predetermined addresses. Among 
these applications programs is a communications 
program 58 which controls the processor to trans- 

50 mit and receive data via the modem. Also stored 
within the main memory is an interrupt vector ad- 
dress table 60. This table contains an address for 
each type of interrupt request that can be gen- 
erated within the system. In response to the receipt 

55 of an interrupt request, the processor refers to the 
table 60 to determine the memory address to 
which it is to proceed in order to service the 
interrupt. 
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In a conventional application, the address 
stored in the table 60 for a communications inter- 
rupt might refer to the communications program 
58. However, in accordance with the present inven- 
tion, certain addresses in the table 60 are modified 
so that communications interrupts cause the pro- 
cessor 10 to refer to another application program 
62 in the memory. More particularly, this program 
is a terminate-and-stay-resident (TSR) modem driv- 
er. Its function is explained in detail with reference 
to the structure shown in Figure 4. 

In addition, new types of communications inter- 
rupt requests are provided to enable the driver to 
, t properly control the communications operation. Ba- 
sically, these new interrupt requests indicate con- 
ditions existing within the modem that are normally 
serviced by a dedicated controller. In the present 
invention, since the functions of such a controller 
are carried out by the host processor, these new 
interrupts are provided to alert the host processor 
to the fact that it must carry out an operation that 
emulates the function of the controller. For exam- 
ple, each time a character is placed in a UART 
register that is intended for the controller, an inter- 
rupt request is generated to cause the host proces- 
sor to jump to the modem driver 62 and retrieve 
the character. In operation, every communications 
interrupt causes the host processor to branch to 
the modem driver. The driver temporarily prevents 
the host processor from acting on the interrupt until 
it determines whether the interrupt is a result of a 
conventional condition that is serviced by the com- 
munications program, or a new -condition. If the 
former, the driver releases control of the host to the 
communications program for normal servicing. If it 
is a new type of interrupt condition, the driver 
remains in control and services the interrupt re- 
quest. A more detailed explanation of this operation 
is provided with reference to the specific modem 
circuitry illustrated in Fig. 4. 

Referring to Figure 4, those portions of a 
modem chip which are functional in the operation 
of the present invention are illustrated. The modem 
operates in two basic modes, a data mode and a 
command mode. In the data mode, data is passed 
between the communications program and the 
modem for transmission on the telephone line. In 
the command mode control characters are sent 
from the communications program to the modem, 
or vice versa, to configure the modem to carry out 
an operation to be performed. To function in the 
data mode, the modem includes a modulator 32 
that accepts data generated by the host processor 
and transforms it into an appropriate audio fre- 
quency signal suitable for transmission over voice- 
grade telephone lines, or other forms of commu- 
nication links. Similarly, it has a demodulator 34 
that receives, signals transmitted over the commu- 



nication link and transforms them into suitable digi- 
tal signals to be provided to the host processor. 

The modulator 32 and demodulator 34 commu- 
nicate with the host processor through two sets of 

s registers in the modem circuit. The upper set of 
registers 33 shown in Figure 4 emulate registers 
which are normally present in a UART. Basically, 
these are the registers that are accessed by the 
communications program, and the addresses of 

w only these registers are in the address field of the 
communications program. The lower set of regis- 
ters 35 relate to the control of various devices 
within the modem, as well as interfacing with the 
TSR modem driver 62 and . handling of interrupts 

is associated therewith. For example, one of the reg- 
isters in the lower set 35 can be preset with a 
synchronization character for operation in a syn- 
chronous block mode. Incoming words are com- 
pared with the character stored in this register, and 

20 when a match is detected an interrupt can be 
generated to indicate that a synchronizaton char- 
acter has been detected at the beginning of a block 
of data. 

The modem driver has access to the registers 

25 in both sets 33 and 35. These various registers can 
be addressed in one of two different manners, in 
dependence upon the number of available connec- 
tion pins on the IC package housing the modem. If 
there are an adequate number of address lines 

30 available, direct addressing of each register is pre- 
ferred. For example, if there are 32 total registers 
in both sets 33 and 35, five address, lines can be 
provided to directly address each register with a 
binary address unique to that register. 

35 If, however, the number of address lines is 

limited, a bank selection technique can be em- 
ployed. For example, if only three address lines are 
available to address the eight registers of an UART 
that are normally accessed by the communications 

40 program, the registers can be divided into four 
banks of eight registers each. To provide for selec- 
tion among the banks of registers, two bit positions 
in one of the registers of the set 33 can be des- 
ignated for identification of the selected bank. For 

45 example, one register that is commonly found in 
the set of UART registers is an interrupt identifica- 
tion register 31. Normally this register is a read- 
only register. However, in the context of the 
present invention any number of available bit posi- 

50 tions in this register can be given read/write capa- 
bility. The bits that have read/write capability can 
be used to identify the particular bank of registers 
whose register is to be addressed by the address 
appearing on the three address lines. If only four 

55 banks of registers are available, only two bits need 
to be used from those available in the interrupt 
identification register 31 to provide a binary indica- 
tion of the selected bank. 
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The functions of the individual registers will be 
explained in the context of specific operations car- 
ried out in the modem. Referring first to the opera- 
tion of the modem in the data mode, when the 
communications program controlling the processor 
has a character of data to transmit over the tele- 
phone line 30, it awaits an indication that a transmit 
holding register 36 in the modem register set 33 is 
empty. The indication that the register is empty 
can be provided by means of an interrupt request 
or the setting of a bit in a line status register 39 
that is polled by the processor. When the commu- 
nications program in the host processor receives 
this indication, it places the character in the trans- 
mit holding register 36. In response to the place- 
ment of a character in the register 36, the modem 
circuit sends an interrupt to the host processor by 
setting the interrupt pin at the host/UART interface, 
to indicate that the transmit holding register is full. 
This interrupt condition is identified by setting a 
particular bit TXHRF in one of the registers 43 in 
the lower set 35. 

When the interrupt is received by the host 
processor, it branches to the TSR modem driver 
62. The driver first examines the register 43 and 
determines the condition which* caused the inter- 
rupt. Since this particular condition is one which 
requires servicing by the driver, it maintains control 
of the processor. In particular, the driver reads the 
character from the transmit holding register 36 and, 
since it is data to be transmitted, writes it to a 
transmit intermediate register 37 upon receiving 
another interrupt indicating this register is empty. 
This interrupt condition is indicated by the setting 
of another bit TXIE in the register 43. The char- 
acters placed in the register 37 by the driver are 
successively transferred to a data buffer 38, from 
which they are serially transmitted to the modulator 
32 for transmission over the telephone line. 

Similarly, data received over the telephone line 
is demodulated in the demodulator 34 and stored 
in a buffer 40. From this buffer, the data is latched 
into an intermediate receive register 41. The 
modem circuit sends an interrupt to the processor 
and sets another bit position RXIF in the register 
43 to indicate that the register 41 is full. In re- 
sponse to this interrupt, the TSR driver reads the 
character in the register. Since this condition per- 
tains to data to be sent to the communications 
program, the driver writes the character into a 
receive holding register 42 upon receiving an inter- 
rupt and detecting that a bit RXHRE in the register 
43 has been set to indicate this register is empty. 
When the character is entered into the register 42, 
the modem circuit sends an indication to the pro- 
cessor, for example an interrupt or a status bit, 
causing the communications program to read the 
character. 



In the command mode, control characters are 
generated by the host processor 10 under the 
control of the communications program, and sent 
to the modem to configure it to perform particular 

s operations. These characters are not intended to 
be transmitted over the telephone line 30. Rather, 
they are employed by the modem controller to 
carry out particular operations. 

To illustrate, an example will be described in 

io which the host processor 10 commands the 
modem to dial a telephone number and then be- 
gins transmitting data once a telephone connection 
has been established with another computer. To 
begin the operation, the communications program 

75 58 stored in the main memory 14 of the computer 
instructs the host processor to place the first char- 
acter in a command string, e.g., "A", in the trans- 
mit holding register 36. Upon receipt of the TXHRF 
interrupt, the processor branches to the TSR driver, 

20 recognizes that information is being sent to it and 
accepts the character stored in the register 36. 
This character can be stored in a register or buffer, 
e.g., designated work space in the RAM for the 
host processor. The retrieval of the character from 

25 the register 36 by the processor causes a status 
flag in the status register 39 to be set, to indicate 
that the character has been accepted. This opera- 
tion in turn results in an indication to the host 
processor 10 that the register is empty. Upon re- 

30 ceiving this indication the communications program 
places the next control character in the data regis- 
ter. This process continues until the entire com- 
mand string has been received and stored by the 
modem driver. Upon receipt of the command, in 

35 this case an instruction to dial a telephone number, 
the driver sets one or more registers and examines 
one or more registers in a bank of device control 
registers 50, which causes the modem to operate 
in a particular manner to dial a number and estab- 

40 lish a connection. Thus, the driver would place 
information in the registers 50 which cause the 
modem to go into a pulse or tone dialing mode. 
Further, as in the case of a conventional modem, 
the telephone number is sent to the modem driver 

45 and also stored in suitable work space provided in 
the RAM. This number is then provided to the 
modem by the driver one digit at a time, through 
the use of the modem control registers. 

Once the telephone number has been dialed 

so and responded to by another modem with an ap- 
propriate handshaking routine, under the control of 
the driver, a connection is established between the 
two modems over the telephone line. During the 
time that the dialing and handshaking operations 

55 are being carried out, the communications program 
is in a wait state, looking for an indication that the 
connection has been established. Upon establish- 
ing the connection, the modem driver sends a 
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character to the receive holding register 42, which 
sets a status flag in a modem status register 52 to 
indicate that information is available in the register 
42 to be received by the host processor 10. When 
the communications program is alerted to the pres- 
ence of this flag, for example by polling the regis- 
ter 52 or upon receipt of an interrupt identified in 
the register 31. it retrieves the character and takes 
the steps necessary to send data. Then, the host 
processor 10 places the data in the transmit regis- 
ter 36 for transmission over the telephone line 
through the intermediate register 37, the buffer 38 
and the modulator 32 as described previously. 

In effect the host processor 10 functions as a 
virtual controller. In other words, to the communica- 
tions program it appears that a separate controller 
is receiving and acting upon the data generated by 
the program and placed in the UART emulation 
registers 33. In actuality, however, that information 
is being processed by the host processor which 
generated the information, under the control of the 
TSR modem driver. Thus, complete compatibility 
with existing communications programs is main- 
tained, and yet the modem is liable to operate 
without the need for a dedicated controller. 

From the forgoing it can be seen that the driver 
intercepts each character of data that is transmitted 
or received over the telephone line, by controlling 
the transfer of the characters between the hold 
registers 36,42 and the intermediate registers 
37,41. With this type of operation, it is possible for 
the driver to process the characters in accordance 
with any desirable communications protocol. For 
example, the data could be stored in a buffer in 
blocks and encoded or decoded for error correc- 
tion. Similarly, the data could be compressed to 
increase the effective transmission rate. 

If these types of data processing operations 
are not desired, it is not necessary for the driver to 
intercept the data characters. In this case, the 
intermediate registers 37,41 could be eliminated, 
and the hold registers 36.42 can be connected to 
the buffers 38.40 by means of switches (not 
shown). The opening and closing of these switches 
can be controlled by the driver in dependence 
upon whether the characters in the registers 36,42 
are command or data characters, respectively. 
Command characters would be read by the driver 
while the switches are open or closed, whereas 
data characters would be directly sent to the 
modulator, or received from the demodulator, only 
when the switches are closed. 

Another advantage associated with the use of 
the intermediate register arrangement with interrupt 
control, as shown in Figure 4, is the fact that this 
design eliminates the need for synchronous-to- 
asynchronous and asychronous-to-synchronous 
data buffers. In a conventional modem, these buff- 



ers must be present between the UART and the 
output of the demodulator and the input of the 
modulator. Basically, they convert synchronous 
data to asynchronous data, and vice versa, to pro- 
5 vide ASCII compatibiJity and a data rate that is 
within a predetermined range. More particularly, a 
synch/asynch buffer is usually present at the output 
terminal of the demodulator to detect formatted 
characters with missing stop bits. This buffer in- 

10 serfs the stop bits as appropriate to hold the data 
at a predetermined line rate, e.g., 1219 bits per 
second for a 1200 Baud modem. 

Similarly, an asynch/synch buffer is typically 
present at the input terminal to the modulator. This 

75 buffer functions to remove stop bits when the data 
supplied from the host processor is too fast, to 
thereby decrease the bit rate to the modulator. If 
the incoming data is too slow, one or two stop bits 
are inserted to maintain the bit rate in a well- 

20 defined range. 

In the modem architecture shown in Figure 4, 
communications between the modulator or de- 
modulator and the UART registers are internal to 
the circuit, and hence data is not passed to asyn- 

25 chronous devices. Consequently, there is no need 
to track a strict data rate or meet stringent asyn- 
chronous interface specifications. In operation, the 
data passing between the intermediate registers 
37, 41 and their respective shift registers 38, 40 is 

30 asynchronous and without character formatting. 
Data is handled within the intermediate registers 37 
and 41 on an availability basis by flagging the TSR 
modem driver 62 with appropriate interrupts. A 
synchronous transmit clock 44 is used to shift data 

35 in parallel into the register 38 from the intermediate 
register 37. Similarly, a recovered synchronous re- 
ceived data clock is used to shift the data out of 
the register 40 into the intermediate register 41. To 
meet the requirements of a particular transfer pro- 

40 tocol, it may be necessary to add a start bit at the 
beginning of each transmitted word and/or one or 
two stop bits at the end of each word. These bits 
can be inserted into the bit stream entering the 
modulator by means of a gate 46 that is selectively 

45 enabled at appropriate times by the synchronous 
transmit clock. Alternatively, it is possible to add 
one extra stage at the beginning of the shift regis- 
ter 38 for the start bit, and two extra stages at the 
end for the stop bits, and to selectively enable 

so these stages as required by the transfer protocol. 
With the interrupt driven approach used in the 
embodiment of Figure 4, sensitivity to variations in 
data rate is reduced, since the interrupt technique 
can accommodate data rates outside of normal 

55 modem data rate specifications. As a further advan- 
tage, this approach can be used with any phase 
shift keyed (PSK) or quadrature amplitude modu- 
lated (QAM) type of modem, regardless of its op- 
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erating speed. 

The efficient exiting of the modem driver 62 
after it performs each operation enables it to run 
simultaneously with the communications program 
without needlessly usurping system resources. 
Preferably, the driver program should not retain the 
control of the host processor for extended lengths 
of time, to prevent interference with the normal 
functions of the communications program. For ex- 
ample, when a dialing routine is being carried out 
through the modem, many communications pro- 
grams allow the dialing to be cancelled by sending 
a predetermined character or string of characters. If 
the modem driver 62 retains control of the proces- 
sor during the entire dialing routine, the generation 
of the cancelling characters would not be recog- 
nized. Accordingly, in a preferred embodiment the 
modem driver 62 uses another interrupt, i.e., the 
timer interrupt, to enable it to efficiently exit from 
the system and yet regain control at necessary 
times to perform the required functions. 

In operation, the computer generates a timing 
interrupt request at periodic intervals, e.g.. every 54 
milliseconds. The TSR modem driver 62 sets the 
address in the interrupt vector address table 60 for 
the timing interrupt vector to point to itself. Thus, 
every 54 milliseconds when a timing interrupt re- 
quest is generated, the host processor 10 jumps to 
the modem driver 62. This approach allows the 
modem driver program to time events without re- 
taining control of the processor. Since the program 
will regain control of the processor within, at most, 
the time period between sucessive timing interrupt 
requests, the program can exit the system if noth- 
ing needs to be done within that time period. 

For example, if the program is carrying out a 
pulse dialing operation, the modem must be put on 
hook for 33 milliseconds. Once the modem is put 
on hook, the driver 62 determines whether it will 
regain control of the processor before the expira- 
tion of that time period. If it is known that the timing 
interrupt will occur prior to the 33 milliseconds, the 
driver 62 can relinquish control of the processor 
until the next interrupt. If. however, the next timing 
interrupt will be more than 33 milliseconds away, 
the driver 62 will retain the control of the micropro- 
cessor until the 33 milliseconds have expired. To 
this end. the driver 62 can include a timer subrou- 
tine which counts the time elapsed from the most 
recent time of day interrupt, or conversely, the time 
remaining to the next interrupt. 

Before the modem driver relinquishes control 
of the processor, it stores an indication of the 
particular state it is in, e.g. dialing, on-line, answer- 
ing and handshake, etc. and the particular point in 
the state at which it presently resides. For exam- 
ple, if the modem is in the dialing state the driver 
might store an indication that it has turned on a 



tone generator and is waiting to turn it off. When 
the program re-enters the system upon the next 
timing interrupt, it notes the state at which it left 
and branches to a subroutine for handling that 
5 particular state. 

In addition, the driver 62 can use the timing 
interrupts to ensure that it maintains the proper 
control of the microprocessor. More particularly, 
some communications programs may change the 
70 communication interrupt vector to point at them- 
selves. However, in order to function properly the 
TSR modem driver 62 must be able to intercept 
any communications interrupt request before the 
communications program. To ensure that this oc- 
;s curs, the modem driver program 62 can check the 
interrupt vector address table 60 each time that it 
enters the system after a timing interrupt. If the 
communications interrupt vector still points to the 
modem driver 62, no action need be taken. If, 
20 however, the vector address has been changed, 
the driver 62 can re-map the interrupt vector so 
that it is the first address in the communications 
interrupt chain. In so doing, the modem driver 62 
can store the address which was in the table 60, 
25 e.g. an address of the communications program, in 
an appropriate register. Once the program 62 has 
finished the operation required by the interrupt, it 
can then refer the processor to the stored address 
that was previously in the table. 
30 The foregoing operation of the modem driver is 

illustrated in further detail in the flow charts of 
Figures 5A and 5B. As noted above, entry into the 
program occurs upon generation of a timer inter- 
rupt or a communications interrupt. When a timer 
35 interrupt occurs, the processor calls a timer inter- 
rupt routine 70. As part of this routine, the proces- 
sor checks the addresses stored in the interrupt 
vector address table to ensure that the communica- 
tions interrupt vectors still point to addresses for 
40 the modem driver. If not. the vector addresses are 
changed and those which were present in the table 
are stored at appropriate addresses within the 
memory space for the driver. The operation then 
continues to the main routine 72. 
45 Similarly, when a communications interrupt oc- 

curs the processor can first branch to a commu- 
nications interrupt routine 74 by means of which it 
carries out housekeeping routines, e.g., setting of 
registers, and then continue to the main routine 72. 
so In the main routine, the processor first deter- 

mines whether output information is waiting to go 
to the user. If so, it branches to a response subrou- 
tine 76 which causes it to generate the appropriate 
type of output information. The main routine then 
55 determines whether the modem is on-hook. If so, it 
branches to an answering subroutine 78 to as- 
certain whether a ringing signal is present and to 
answer it if appropriate. Finally, the main routine 
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branches to a state handling routine for the particu- 
lar state the driver was in when it last exited. The 
routine contains a loop in which it continues to call 
state handling routines for different states as long 
as the state changes. Once the state of the driver 
does not change, the driver determines if it was 
responding to a normal interrupt condition which 
requires the attention of the communications pro- 
gram. If so, it causes the processor to branch to 
the appropriate address in the communications 
program 58. If there is no interrupt condition which 
requires the attention of the communications pro-, 
gram, the driver exits and thereby relinquishes 
control of the processor until the next interrupt 
occurs. 

Examples of the various states of the driver 
include command states which occur when the 
modem is in a command mode and awaiting com- 
mand characters, receiving the characters or ex- 
ecuting the commands, dialing states which deal 
with taking the modem off-hook, waiting for a dial 
tone and dialing a number, answering and hand- 
shake states, and on-line states. The general op- 
eration of the driver for each of the possible states 
is illustrated in Figure 5B. 

When the program enters a state handling rou- 
tine, it first determines whether it is responding to a 
timer interrupt (decision step 80). If so, it branches 
to a routine 82 for updating local timers. The pro- 
gram then proceeds to check for the possible event 
of interest (step 84). For example, if the program is 
in a dialing mode and has just taken the modem 
off-hook, it may'be listening for the presence of a 
dial tone on the line. At step 86 the program 
determines if an interesting event, e.g. dial tone, 
has occurred, if so, it branches to a routine 88 for 
responding to that event, i.e. turn on the tone 
generator for the first digit in the number being 
dialed. Once this response has been initiated, the 
program determines whether a change of state 
should be indicated (step 90). In the foregoing 
example, the modem drive has gone from listening 
for a dial tone to generating the first tones or 
pulses in the number being dialed. In this case, a 
change of state has occurred and so the new state 
is stored in an appropriate status register and the 
subroutine returns to the main program with an 
indication 92 that there has been a state change. 

If the response to an event does not result in a 
change of state, or if no interesting event took 
place, the modem driver determines whether any 
other events of interest are to be checked (step 
94). If so. the foregoing procedure is followed for 
each such event. When no further events remain to 
be checked and there has been no change of state, 
the modem driver continues. 

In summary, the present invention adds new 
interrupt sources and functions, as well as re- 



defines conventionally used vectors, to thereby 
eliminate the need for a dedicated controller in a 
modem by sending information back to the host 
processor. The processor itself emulates the con- 

s trol functions that are necessary for the commu 1 
nicatiohs program to operate. In addition to elimi- 
nating the dedicated controller, processing firm- 
ware is also eliminated by storing the necessary 
control operations in the main memory 14 of the 

10 host processor. 

As an alternative to the use of a separate TSR 
modem driver program, it is possible to incorporate 
the necessary commands into the operating sys- 
tem 56 for the computer. Thus, each time that the 

75 modem circuitry generates an interrupt request, 
this interrupt request can cause the appropriate 
portion of the operating system to be activated to 
carry out the necessary modem control functions. 
While the operation of the invention has been 

20 described in the context of transferring characters 
one at a time between the modem and the host 
processor, it is not limited to this type of operation. 
For example, the modem circuitry which emulates 
the UART can be provided with a FIFO register 

25 (not shown) that enables the processor to load 
plural characters at a time into the modem, e.g. 8, 
16, etc., and receive plural characters at once. The 
driver program can retrieve these characters from 
the FIFO register individually as needed without 

30 using processor time to transfer each character. 
Thus, the use of the processor can be carried out 
more efficiently. 

it. .will be appreciated by those of ordinary skill 
in the art that the present invention can be em* 

35 bodied in other specific forms without departing 
from the spirit or essential characteristics thereof. 
The presently disclosed embodiment is therefore 
considered in all respects to be illustrative and not 
restrictive. The scope of the invention is indicated 

40 by the appended claims rather than the foregoing 
description, and all changes that come within the 
meaning and range of equivalents thereof are in- 
tended to be embraced therein. 

45 

Claims 

1. In a computer having a host processor that 
is responsive to a communications program in a 

so program memory to generate and receive control 
and data characters on an internal bus for use in 
communicating with other computers, a commu- 
nications system which employs said host proces- 
sor as a virtual controller, comprising: 

55 a modem including means for receiving data char- 
acters from said internal bus and transmitting them 
onto a telephone line and for receiving data char- 
acters from said telephone line and placing them 
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on said internal bus; 

interface means including at least one register for 
receiving control and data characters generated by 
said host processor in response to said commu- 
nications program and for generating a predeter- 
mined interrupt request indicative of the receipt of 
said characters; 

a modem driver program stored in said program 
memory and containing instructions related to the 
operation of said modem; and 
control means responsive to the generation of said 
predetermined interrupt request by said interface 
means for causing said host processor to access 
said modem driver program stored in said program 
memory and to control said modem in accordance 
with the instructions contained in said modem driv- 
er program. 

2. The communications system of claim 1 
wherein said modem driver program comprises a 
portion of an operating system for said host pro- 
cessor. 

3. The communications system of claim 1 
wherein said modem driver program comprises an 
application program that is stored in said program 
memory as a terminate-and-stay resident program. 

4. The communications system of claim 1 
wherein said program memory includes a table 
containing addresses for respective interrupt re- 
quests and said control means includes means for 
replacing an address in said table that is asso- 
ciated with a particular interrupt request with a 
different address that is associated with said 
modem driver program. 

5. The communications system of claim 4 
wherein said computer generates timing interrupt 
requests at a periodic rate and said control means 
is responsive to each timing interrupt request to 
examine the address stored in said table for said 
particular interrupt request and replace it with said 
different address if said stored address is not the 
same as said different address. 

6. The communications system of claim 1 
wherein said interface means further includes a 
second register for storing characters intended for 
said host processor and generating a second inter- 
rupt request indicative of the retrieval of a char- 
acter from said second register, and said control 
means is also responsive to said second interrupt 
request to cause said host processor to access 
said modem driver program. 

7. The communications system of claim 1 in 
which said computer includes a motherboard on 
which said host processor is mounted, and wherein 
said modem and said register are contained within 
an integrated circuit chip that is also mounted on 
said motherboard. 



8. A method for controlling a modem in a 
computer, comprising the steps of: 
operating the host processor of the computer under 
the control of a communications program to gen- 

5 erate commands relating to the transfer of data 
between the computer and a communications link; 
generating an interrupt request to said host proces- 
sor to indicate when information has been received 
by the modem; 

w transferring the control of the host processor from 
the communications program to a modem driver 
program in response to the generation of the inter- 
rupt request; 

retrieving at the host processor the information 
15 received at the modem; and 

processing the information and controlling the 
modem in accordance with the received informa- 
tion, under the control of the modem driver pro- 
gram. 

20 9. A modern circuit for transferring information 

between a communication link and a computer 
having a host processor, comprising: 
a modulator for transmitting information from the 
host processor onto the communication link; 

25 a demodulator for receiving information on the 
communication link; 

a transmit hold register for receiving characters 
generated by the host processor and providing 
them to said modulator; 

30 means for generating a first interrupt request to the 
host processor when a character has been placed 
in the transmit hold register by the host processor; 
a receive hold register for receiving characters that 
are to be provided to the host processor from said 

35 demodulator; and 

means for generating a second interrupt request to 
the host processor when said host processor re- 
trieves characters from said receive hold register. 

10. The modem circuit of claim 9 further in- 
40 eluding: 

a transmit intermediate register for presenting char- 
acters to said modulator; 

means for generating a third interrupt request to 
said host processor when characters are removed 

45 from said transmit intermediate register; 

a receive intermediate register for receiving char- 
acters from said demodulator; and 
means for generating a fourth interrupt request to 
said host processor when characters are placed in 

so said receive intermediate register. 

11. The modem circuit of claim 10 further 
including means for controlling said host processor 
to cause it to retrieve characters in said transmit 
hold register and to place them in said transmit 

55 intermediate register when said characters repre- 
sent data to be transmitted on the communication 
link, and for causing said host processor to retrieve 
characters from said receive intermediate register 
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and place them in said receive hold register when 
they represent data received over the communica- 
tion link. 

12. The modem circuit of claim 11 wherein 
said control means is responsive to said first inter- 
rupt request to retrieve a character from said trans- 
mit hold register and is responsive to said third 
interrupt request to place the retrieved character in 
said transmit intermediate register, to thereby 
transfer data between said host processor and said 
modulator without the need for an asynchronous-to- 
synchronous buffer. 

13. The modem circuit of claim 11 wherein 
said control means is responsive to said second 
interrupt request to retrieve a character from said 
receive intermediate register and is responsive to 
said fourth interrupt request to place the retrieved 
character in said receive hold register, to thereby 
transfer data between said host processor and said 
demodulator without the need for a synchronous- 
to-asynchronous buffer. 

14. The modem circuit of claim 9 further in- 
cluding control means for selectively establishing a 
data path between said hold registers and the 
respective modulator or demodulator when data is 
being transmitted over the communication link, and 
for interrupting said data path when information 
other than transmitted data is exchanged between 
the modem circuit and the host processor. 

15. A method for controlling a modem in a 
computer, comprising the steps of: 

operating the host processor of the computer under 
the control of a communications program to gen- 
erate commands relating to the transfer of data 
between the computer and a communications link; 
generating an interrupt request to said host proces- 
sor to indicate when information has been received 
by the modem; 

transferring the control of the host processor from 
the communications program to a modem driver 
program in response to the generation of the inter- 
rupt request; 

determining, under the control of the modem driver 
program, whether the information received by the 
modem requires servicing by the communications 
program or by the modem driver program; 
returning the control of the host processor to the 
communications program if the information is to be 
serviced by the communications program; and 
maintaining control of the host processor by the 
driver program when the information is to be ser- 
viced by the driver program and retrieving said 
information at the host processor. 

16. The method of claim 8 or claim 15 wherein 
the step of transferring the control of the host 
processor includes the modification of an interrupt 
request address table to include a pointer that 
causes the host processor to address a memory 



location associated with said modem driver pro- 
gram when a communications interrupt request is 
generated. 

17. The method of claim 16 wherein the modi- 
5 fication of said table includes the steps of examin- 
ing said table to determine whether the address 
pointer associated with the communications inter- 
rupt request refers to a memory location other than 
one associated with said modem driver program, 
/o storing said other memory location if it is not 
associated with said modem driver program, and 
replacing said other memory location in said table 
with said memory location associated with said 
modem driver program. 
is 18. The method of claim 17 wherein the host 

processor is returned to the communications pro- 
gram by causing the processor to address said 
other memory location which has been stored from 
said table. 

20 19. The method of claim 17 wherein said com- 

puter generates a timing interrupt request at peri- 
odic intervals, and said step of examining said 
table is carried out upon the generation of each 
timing interrupt request. 

25 20. The method of claim 8 or claim 1 5 wherein 

said computer generates a timing interrupt request 
at periodic intervals and the occurrence of each 
timing interrupt request also transfers the control of 
the host processor to said modem driver program. 

30 21. The method of claim 20 wherein said 

modem driver program stores an indication of an 
operating state that it is in upon returning control of 
the processor to said communications prpgr^ro.and , Vi 
returns to said state after the generation* %'e&crr 

35 timing interrupt request. 

22. The method of claim 15 wherein said 
modem driver program is stored in a main memory 
for said host processor. 

23. The method of claim 22 wherein said 
40 modem driver program is stored as a terminate- 

and-stay-resident program. 

24. The method of claim 8 including the fea- 
tures of claim 17 and further including the step of 
returning the the control of the host processor to 

45 the communications program upon completion of 
said information processing step. 
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